SUMMARY: The utilization of amino acids and glucose in the external nutrients and the excretion of nitrogenous compounds by Schistosoma japonicum eggs were investigated with the eggs cultured in a chemically defined medium (MEMSE-J). Of the 15 amino acids in MEMSE-J, arginine and glutamine markedly decreased in concentration during cultivation of S. japonicum eggs. The nitrogenous excretory products of developing eggs were demonstrated to be at least four amino acids (alanine, proline, glutamic acid and ornithine), urea and ammonia. Glucose was consumed at an estimated rate of 32 ng/living egg/day during the period of egg growth and differentiation. When 14C-labelled glucose was included in the culture medium, the radioactivity was incorporated into three amino acids (alanine, proline and glutamic acid), which were excreted by Sm japonicum eggs. The results were discussed with reference to the possible role in stimulating fibrosis in the granuloma of schistosomiasis.
INTRODUCTION
It is generally considered that external nutrients are not required for embryonation of the eggs of most parasitic helminths. However, schistosome eggs are known to take up and metabolize exogenously supplied nutrients (1) (2) (3) (4) Recently it was demonstrated that newly laid eggs of S. japonicum can be cultured in serum-free RPMI 1640 (9). Kawanaka et al. (10) have further defined and simplified the composition of the minimum essential nutrient medium supporting the development of newly laid eggs of S. japonicum. This medium, designated MEMSE-J, is composed of 15 L-amino acids, two vitamins, glucose and electrolytes. In this paper we describe the use of MEMSE-J for further studies on amino acid and glucose utilization and excretion of nitrogenous compounds by S.
japonicum eggs.
Our data indicate that S. japonicum eggs produce and release proline during their maturation and that exogenous glucose serves as a carbon source for this proline synthesis. This is of particular interest because of its role in collagen synthesis and in schistosome granuloma development (11 Eggs were suspended in MEMSE-J, transferred to Leighton tubes and incubated at 37 C in air containing 5% CO2 for various periods of time. Cultures were prepared in triplicate and culture media free of eggs were always run as control. Under these conditions, the eggs require about two weeks to embryonate and remain viable for additional one to two weeks. The culttivation was carried on for up to four weeks. During this period, 0.8 ml of supernatant (culture fluid) was harvested from each tube on days 7, 14, 21 and 28. The eggs were washed twice with MEMSE-J, and fresh culture medium was added to each tube to 1.0 ml. The triplicate samples were pooled, checked for sterility by streaking onto agar plates and then frozen (-20 C) until amino acid analysis.
Glucose determination and amino acid analysis:
The mutarose-glucose oxidase method (glucose C-test, Wako Pure Chemical Co., Osaka) was used for glucose measurement according to the instructions by the manufacturer. Quantitative determination of amino acids were performed by the Na-Li two column method with a JEOL 6AH automatic amino acid analyzer. The sample of culture supernatant was diluted five times with lithium citrate buffer (pH 2.2) before application. Proline emanating from the egg is of particular interest because of its role in collagen synthesis, which is potentially associated with schistosome granuloma development. Dunn et al. (11) and Tanabe and Asami (14) showed that free proline increased in fibrotic livers of mice with schistosomiasis mansoni . Dunn et al. (11) , demonstrated that in vitro collagen synthesis was stimulated by increased levels of free proline. The collagen synthesis appeared to be maximal when the free proline concentration was raised to 0.4 mM. Furthermore, Dunn et al. (15) suggested that arginine may be the major precursor of free proline increased in murine schistosomiasis mansoni, and that conversion of arginine to proline may be important for the overall pathway of liver collagen formation. Isseroff et al . (16) , using liver-derived eggs, reported a high specific activity of proline synthetic enzymes in S. mansoni eggs and showed that proline was released at approximately 76 p.moles/100 ml of an egg suspension in saline/hr.
Our results suggest that S. japonicum eggs produce and release proline during their maturation within the tissue of the mammalian host and that glucose from the host source can serve as a physiological precursor of proline.
